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Abstract

A 3D numerical study using computational fluid dynamics simulations is carried out on
a heat sink with circular fins. These devices are used to reject heat on motherboards and
graphics cards. The software used in this investigation was ANSYS Fluent-CFD, with
energy- and momentum-conservation models, as well as two-equation x — € turbulence
models. Three temperatures are set at the base of the heat sink: 80 °C, 90 °C, and 100 °C; as
well as three air velocities for cooling: 10 m/s, 15m/s, and 20 m/s. The analysis determined
that the temperature at the fins depends on the length of time the heat sink is exposed to
high temperatures. Furthermore, the temperature in the center of the heat sink is lower
than at the edges. On the other hand, the analysis times with periods of 25,5 s, and 10s,
this variable being the most fluctuating since significant changes in the temperature of the
fins and the surrounding air are observed; increases are determined ranging from 7.96%
for the shortest time of exposure to forced convective air, up to 54.55%, for the longest
heat-transfer time. However, in the simulations it was observed that from the eighth second
the heat transfer stabilizes.

Keywords: heat sink; fins; circular; CFD

1. Introduction

In recent years, the use of more efficient computer systems has been achieved. How-
ever, these systems generate a lot of heat, making it essential to evacuate all this heat to
prevent failures in the main systems. Heat sinks are the most commonly used alternative;
however, their shape, size, geometry, and material are of significant importance. Mod-
ifications to the surface of heat sinks can be made to improve heat transfer [1-3]. Heat
sinks are primarily manufactured using die casting, extrusion, and forging. Extrusion
and forging are suitable for manufacturing simple heat sink shapes using only wrought
aluminum alloys. However, complex shapes require die casting or machining [4—6]. The
optimized heat sinks can better balance heat dissipation and energy consumption, which
can be applied to heat dissipation of high-power equipment in high-tech fields, e.g., power
batteries and energy-conversion systems [7], and electronics cooling and energy storage [8]
to improve the cost-effectiveness of liquid cooling systems.
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The distribution of pin-fins has only a little impact on temperature and pressure
drop. However, the trend shows that cooling plates with a uniform distribution of pin-fins
have lower maximum temperatures and pressure drop, indicating better heat-dissipation
capability and power consumption. Therefore, pin-fin positions should be evenly arranged
within the cooling plate [9]. Nilpueng et al. [10] present new experimental data on the
influence of fin curvature offset, air velocity, and heat sink surface temperature on the heat-
transfer coefficient. The latter improves with increasing Reynolds number and phase offset.
Increasing the phase offset at the walls of sinusoidal wave fins increases the heat-transfer
coefficient by 6.8% to 30.7%, compared to a phase offset of 0°.

Plate-fin geometries demonstrated superior thermal dissipation compared to circular-
fin designs, due to their larger surface area and linear configurations, which enhanced heat
transfer through convection and radiation. Thinner fins with 2 mm thickness improved
heat transfer to the ambient by optimizing the fluid-flow channels and increasing the
effective heat-transfer surface area [11]. In the work conducted by Li et al. [12], they
studied curved heat sinks. They found that the radius of the curvature aggravates the
uneven temperature distribution because the fluid deflects toward the walls of the heat sink.
Similarly, Kahbandeh et al. [13] detailed in their research with curved channels how vortex
effects at the inlet and outlet improve the thermal performance of heat sinks compared to
straight channels. This represents a 10% reduction in thermal resistance, thus improving
heat transfer.

The research conducted by Chatterjee et al. [14] is based on heat transfer in spiral
microchannels. They indicate that curved channels better contribute to the movement of
the working fluid. This is because they manage to reduce the temperature along the curved
direction. This behavior is driven by the merging and splitting of vortices along the flow
direction. Similarly, Narendran et al. [15] in their curved heat sink design argue that fluid
disturbance is essential to contribute to temperature reduction.

Singh et al. [16] conducted a study to determine the optimal air inlet velocity to
the heat sink, setting a constant temperature of 50 °C. They found that heat flux is the
leading cause of electronic device failures. They believe that the air inlet velocity should be
increased and the temperature of this fluid should be taken into account, since as the air
temperature increases, the electronic device’s temperature also increases, and therefore, it
will begin to fail.

Increased heat flux leads to higher convective heat-transfer coefficient and Nusselt
number and lower pressure drop. It also reduces the base temperature uniformity of the
heat sink. However, increased fin height increases the Nusselt number due to the increase
in the effective surface area of heat transfer and also increases the pressure drop due to
the blockage in the flow direction. Improved heat transfer leads to a decrease in the non-
uniformity and maximum temperature of the base of the heat sink [17]. In disk-shaped
pinfin heat sinks, increasing the number of disks reduced the Nusselt number, friction
coefficient, and thermal performance coefficient. This reduction was due to decreased flow
turbulence caused by a smaller cross-sectional area perpendicular to the flow direction [18].
Mohsen and Hamza [19] used numerical simulation with CFD software COMSOL 5.6 to
improve the thermal performance of heat sinks. They also suggested circular and circular-
cut fins as new designs, as well as other more conventional geometries. They obtained
results indicating that circular and circular-cut fins have the best thermal performance,
superior to the other fins. Furthermore, the heat-transfer coefficient and Nusselt number
increase with increasing Reynolds number in all cases.

In their numerical simulation study, Ozkan & Yildirim [20] establish that to improve
the performance of the system’s fins, many modifications have been made, such as creating
perforated pins and increasing the surface area. The results indicate that straight perforated
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heat sinks provide a baseline for heat-transfer performance. When the inclination angle is
increased to § = 45°, the Nusselt number shows an improvement of 5-6%, demonstrating
enhanced heat dissipation. Gupta et al. [21] agree that circular perforation produces
the best system performance compared to all types of perforated shapes considered as it
shows a higher Nu and a lower pressure drop due to having a high value of hydraulic
diameter. Jasim et al. [22] in their numerical study with ANSYS Fluent increase the
air speed from 0.5 m/s to 1.5 m/s, reducing the surface temperature by 7.71 °C in the
numerical part and 7.84 °C in the experimental part. Djebara et al. [23] perform an
extensive numerical simulation to analyze four heat sink schemes with varying fin number
and geometry. Their study evaluates heat sink efficiency at inlet velocities ranging from
0.3 m/s to 1 m/s. They determined that, for an inlet velocity of 1 m/s, this alternative
achieves superior performance in the folded mini-channel heat sink (Case D), reducing the
total thermal resistance (0.206 K/W) compared to the other three heat sink types, whose
thermal resistances were 0.361, 0.357, and 0.256 K/ W, respectively.

As noted, heat sinks are very useful in various systems, both for cooling and refrigera-
tion. In computer systems, heat sinks are essential; they vary according to their size and
shape. The space in which they are located is limited, so the shape of the heat sinks is one
of the most important variables in analyzing heat transfer when using these devices. Many
research projects have been conducted on heat sinks; however, very few implement curved
surfaces or curved profiles. This research focuses on a numerical study using CFD with
ANSYS Fluent software. The heat sink has curved fins and four curved spaces between
the fins. The temperature at the base of the heat sink is set to three temperature ranges:
80 °C, 90 °C, and 100 °C. The velocity of entry into the heat sink is also modified, with three
different velocities: 10 m/s, 15 m/s, and 20 m/s. This type of analysis is important since
electronic devices depend on the amount of heat that can be removed, thereby maintaining
or reducing the internal temperature of these devices.

2. Materials and Methods

Heat transfer through extended surfaces has been a method for improving heat dissi-
pation from hot spaces, such as video cards and processors. Curved surfaces dissipate heat
more quickly. However, a free space for air to circulate is required.

The simulations performed in this study were carried out in a Computational Fluid
Dynamics (CFD) environment using the commercial software ANSYS-Fluent. Turbulent air
flow was solved using the governing equations, in addition to other fluid dynamics equations.

The heat sink is made of aluminum, which is used due to its low density. This is
beneficial because it allows for longer fins without exceeding the total weight of the heat
sink. Its medium-high thermal conductivity distributes heat better, reducing the time
variation required to dissipate heat [24]. Table 1 shows the thermal and physical properties
of the material used for the heat sink as well as the one for the air intake temperature; this
is 15 °C.

Table 1. Thermal and physical properties of the heat sink.

Properties Aluminum Air (15 °O) Unit
Density 2719 1.225 kg/m?
Specific heat Cp 871 1006 J/kgK
Thermal conductivity 202.4 0.0247 W/m-k

Viscosity - 1.082 x 1075 Pa's
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2.1. Geometry and Meshing

The analyzed heat sink has extended fins; however, its peculiarity lies in the fact that
the pattern is circular and divided into four parts. Each part has 10 fins; however, the two
end fins have a different height: the first 8 are 45 mm, the ninth fin is 35 mm, and the tenth
fin is 25 mm high. On the other hand, the versatility of the curved fins lies in their larger
surface area than that of flat plates. Figure 1 shows the heat sink in this analysis.

Air

Heat sink |

e [ 1
= %FAIE" |
Hot wall

Figure 1. Heat sink with circular fins.

In Fluent simulations, there are three boundary conditions, which are detailed as
follows: the first is the surrounding air, the heat sink, and the hot wall below the flat surface.
For airflow, there are three velocities: 10 m/s, 15 m/s, and 20 m/s. These velocities result
in turbulent flow, as well as three hot wall temperatures: 80 °C, 90 °C, and 100 °C.

Every numerical simulation must include a mesh analysis; these are no exceptions.
Figure 2 shows that the mesh is applied to both sections: the heat sink and the surround-

ing air.

Figure 2. Meshing the heat sink with the surrounding air.
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For meshing, several mesh simulations were performed, in addition to considering the
Skewness metric. This mesh measurement model assumes that average meshes between
0 and 0.25 are considered excellent meshes. However, simulations 3 and 4, see Table 2, fall
within the range of excellent meshes; however, the number of elements doubles between
these two simulations. Therefore, all CFD simulations are performed with mesh 3 verified.

Table 2. Mesh convergence with number of elements and nodes.

Mesh No. Max. Element Size (mm) Node Elements Average (Skewness)
1 8 65,624 0.35245
2 5 128,415 0.28346
3 4 209,823 0.25009
4 3 441,003 0.21811

2.2. Governing Equations

The equations governing flow motion are the classic ones from fluid mechanics, such
as continuity equations, momentum equations, and energy equation. They are expressed
as follows:

Equation (1) is the general form of the mass-conservation equation and is valid for
incompressible and compressible flows [25].

% LY. (o) = Su (1)

The conservation of momentum is described by the Equation (2),

%(ﬂﬁHV-(pﬁ) =-Vp+p3+F 2)
where p is the static pressure and pg and F are the gravitational body force and external
body forces (for example, forces that arise from interaction with the dispersed phase),
respectively. F also contains other model-dependent source terms such as porous media
and user-defined sources [25].

The conservation of energy is described by the Equation (3),

%(pE)-i—V' (9(()E+p)) =-V. (]Zhj]j) + Sy, 3)

Since the flow is moving at high speed, it is clear to infer that there is a turbulent flow;
the heat-dissipation process is one of these. Two-equation turbulence models are among
the most widely used in CFD, allowing the determination of the length and time scales
of turbulence.

The x — € turbulence model is based on the transport model for the kinetic energy x and
€ dissipation rate. However, these equations are only valid for completely turbulent flows.

Turbulence kinetic energy, and its rate of dissipation, are obtained from the trans-

B\ 9k
<y+ Uk) 0X;

port Equations (4) and (5):

+ G+ Gp — pe — Yp + S 4)

] d d
g(Pk) + aTC],(Pk“j) = o

and
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In Equations (6)—(8), G« represents the generation of turbulence kinetic energy due to
mean velocity gradients. Gy, is the generation of turbulence kinetic energy due to buoyancy.
Y represents the contribution of the fluctuating dilatation in compressible turbulence to
the overall dissipation rate. C; and Cy, are constants. ¢ and o, are the turbulent Prandtl
numbers for x and €, respectively. S, and S, are user-defined source terms. The degree to
which S, is affected by the buoyancy is determined by the constant Cz [25], Equation (9).

Cze = tanh

v
a ©)

The model constants C,, 0y, and 0. have been established to ensure that the model
performs well for certain canonical flows. The model constants are C;, = 1.44, C; = 1.9,
0 =10,0. =12.

Turbulent heat transport is modeled using the concept of Reynolds” analogy to
turbulent momentum transfer. The “modeled” energy equation is therefore given by
Equation (10).

0 ) d oT
E(PE) + ach[ui@E +p)l = o (keffaxj + Mi(Tz‘j)eff> + Sp (10)
where E is the total energy, ks is the effective thermal conductivity, and (t;;)sy is the

deviatoric stress tensor, defined as Equation (11):

au Jou; 2 ouy
() ofr = Veff( + E)x]> Heff 3, i (11)

The term involving (Tif)e ff represents the viscous heating and is always computed
in the density-based solvers. It is not computed by default in the pressure-based solver.
Therefore, the model that was used is the latter. However, it is also viable to use it in
simulations with higher flow velocities.

For the RNG x — € turbulence model, the effective thermal conductivity is determined
by Equation (12):

kegt = acp et (12)

3. Results and Discussion

This study is entirely numerical, using CFD simulations. Therefore, results are pre-
sented showing how heat is dissipated through the geometry of the heat sink. The results
will be presented in terms of air velocity and fin temperature, all as a function of time.

To validate the CFD simulation of curved finned heat sinks, using ANSYS Fluent to
predict the temporal temperature evolution of a curved finned heat sink under turbulent
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flow conditions. The validation focuses on the temperature variable during the transient
regime. The SIMPLE (Semi-Implicit Method for Pressure-Linked Equations) algorithm
was used for the pressure-velocity coupling scheme. Time discretization was performed
using a second-order implicit scheme, ensuring greater precision in the temporal evolution
of the variables. The time step size was set at 0.01 s, a value determined through a
temporal convergence study that ensured numerical stability (Courant number < 10 in
most cells) and adequate precision, avoiding divergences without incurring prohibitive
computational costs.

The results presented by Kosdere et al. [26] are a similar study to the one presented
in this research. They analyze different shapes and sizes of heat sinks through simulation
using ANSYS software. Additionally, they obtained and analyzed the effects of air velocity
on heat transfer. There is a 18.25% difference between this study and the one developed
in this document, as they analyze in laminar flow regimes with velocities ranging from
4to8m/s.

Several simulations have been carried out, with three well-defined variables, which
are as follows: the temperature of the base in the heat sink, the speed of the air passing
through the device, and the simulation time. These analysis cases can be seen in Table 3.

Table 3. Variables used in the study.

Temperature (°C) Velocity (m/s) Time (s)
80 10 2
90 15 5
100 20 10

The velocities studied in this research represent an upper limit; these velocities are
extremely high, as the goal is to determine whether excessively increased velocity pro-
portionally influences the cooling of the heat sink. On the other hand, the temperature
variable is more difficult to exceed beyond exaggerated limits; therefore, it is increased to a
maximum of 25% for standard computer systems.

This section focuses on investigating the impact of the airflow velocity that circulates
through the heat sink. Therefore, nine simulations were performed, with three velocities
and three base temperatures. Figure 3 represents the air velocity under varying tempera-
tures and with a constant input velocity.

3.1. Temperature at the Heat Sink for Time 2 s

In Figure 3a, the air velocity reaches a maximum value of 34.49 m/s at the corners of
the heat sink, while in the center of the heat sink, near the top of the fins, the velocity is
5.87 m/s. This indicates that the velocity decreases as it approaches the heat sink fins. On
the other hand, in Figure 3b, when the velocity increases to 15 m/s, the maximum speed
in the simulation is 51.97 m/s, in the same sector as the first case, where an increase of
50.68% is observed; this will later determine a reduction in the temperature of the heat sink.
Finally, in Figure 3¢, the air speed in the heat sink is shown. In this figure, the maximum
speed is 69.47 m/s, while in the center the speed has not increased much, barely reaching
7.32 m/s, which means 24.7% in that sector. Figure 4 shows the temperature contours of
the air flow and the heat sink, at 10 s, with a temperature at the lower base of 80 °C and the
three air inlet velocities.

Figure 4a—c are the temperature contours. Each figure has three contour planes: top,
center, and bottom. The top plane is 80 mm, the center plane is 45 mm, and the bottom
plane is 3 mm from the bottom of the heat sink. The images appear identical; however,
there are variations in temperature in detail.
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Figure 4a, which has a speed of 10 m/s as air enters, shows that the temperature
changes from the bottom. In the central plane at 45 mm, the air temperature is 26.58 °C;
however, when moving to the right or left, at the fins the temperature is 50.20 °C. This
shows that the air around the fins has different temperatures at this height. If the height
is changed to 80 mm, in the same central part it is 26.84 °C, and on the lateral part it is
25.77 °C. These temperatures show that the air is heating up from the 15 °C at the beginning,.
By the concept of heat transfer, the fins are transferring their heat to the surrounding air.

Figure 3. Air velocity around the heat sink, with a base temperature of 80 °C: (a) 10 m/s. (b) 15m/s.
()20 m/s.

Figure 4b is the temperature contour for a velocity of 15 m/s, taking into account a
height of 45 mm, in the central part of the heat sink, the temperature is 26.58 °C; at this
point, the temperature is almost identical to the previous case. However, when moving
to the side of the heat sink, the temperature reaches 45.19 °C, a little lower than in the
previous case. When rising to a height of 80 mm, in the same central part, the temperature
is 26.84 °C, while in the lateral section the temperature is 25.73, these last two temperatures
are identical to the previous simulation.
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Figure 4. Temperature contours at the heat sink: (a) 10 m/s. (b) 15 m/s. (c) 20 m/s (d) Temperature
vs. distance graph.

Figure 4c shows the temperatures for a velocity of 20 m/s. With a height of 80 mm, the
temperatures are 26.60 °C and 44.52 °C for the central and lateral sections, respectively. On
the other hand, when the height is changed to 80 mm, the temperatures are 26.84 °C and
25.74 °C for the central and lateral sections, respectively. Again, identical to the two previous
simulations. This demonstrates that, as the heat sink moves away, the temperatures remain
the same regardless of the ingress velocity.

Figure 4d is completely different from the previous three, showing how the temper-
ature moves along the x axis of the heat sink. Data are taken from three different lines:
the baseline is 3 mm from the bottom of the heat sink, the second line runs through the
center at a height of 45 mm, and another line at the same height, but is offset 20 mm
laterally from the center point. The temperature at the baseline is approximately 80 °C. The
temperature at the center line increases and decreases as it moves away from or closer to



Processes 2025, 13, 3199 10 of 17

the fins, respectively. Air speed changes the temperature of the heat sink from 10 m/s to
15 m/s, while the temperature remains the same from 15 m/s to 20 m/s.

Figure 5 shows the temperature contours for the other six simulations, with a total
time of 10 s. The first three figures represent the behavior of the heat sink at a temperature
of 90 °C, with the three speeds analyzed. The following three figures are at a temperature

of 100 °C, with the same three velocities.

Figure 5. Temperature contours at the heat sink, at 10 s: (a) Temperature of 90 °C and velocity of
10 m/s. (b) Velocity of 15 m/s and a temperature of 90 °C. (c) Velocity of 20 m/s and a temperature
of 90 °C. (d) Temperature of 100 °C and a velocity of 10 m/s. (e) Temperature of 100 °C and a velocity
of 15 m/s. (f) Temperature of 100 °C and a velocity of 20 m/s.
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In Figure 5a, the temperature contour in the circular heat sink is observed; in this case,
different temperatures are established as we move away depending on the radius. For
the temperature of 90 °C and velocity of 10 m/s, the analysis coordinates are as follows:
x=—0.01m, z = 0.045 m; and in the y direction, it changes to three points: —0.025 m,
—0.035 m and 0.045 m. The temperatures inside the heat sink are 50.82 °C, 44.96 °C, and
19.94 °C, respectively. It is clearly evident that when leaving the fins in the heat sink, the
temperature drops rapidly; however, when we are in the internal part, there is a reasonable
change in temperature.

For Figure 5b,c, the temperature contours are displayed in the same way as in the
previous case. The analysis coordinates will be the same as those analyzed. In Figure 5b,
it has a velocity of 15 m/s and a temperature of 90 °C at the base. For the y distances of
—0.02 m, —0.035 m and —0.045 m, the temperatures are 50.12 °C, 43.46 °C, and 19.68 °C,
respectively. On the other hand, in Figure 5c, for the same positions, velocity of 20 m/s and
a temperature of 90 °C at the base, the temperatures are 49.47 °C, 42.14 °C, and 19.53 °C. In
these two simulations, the maximum variation of 3.33% in the coordinates, x = —0.01 m,
y = —0.025 m, z = 0.045 m, can be seen, which indicates that there is a reduction in tempera-
ture in the heat sink due to the change in air velocity.

Figure 5d, is the representation of the temperature in the heat sink, with a temperature
at the base of 100 °C and a velocity of 10 m/s. The temperature in the heat sink increases
by 9.05% with reference to Figure 5a, the value that is had is 55.42 °C at the position of
y = —0.025 m. For the other positions, the temperatures are 48.70 °C and 20.47 °C, these
also increase, this is because the temperature at the base increases by 10 °C. However, this
value does not increase throughout the heat sink.

In the last Figure 5e/f, there is a variation in temperature. Figure 5e has a base
temperature of 100 °C and a velocity of 15 m/s, while Figure 5f has the same temperature
and a speed of 20 m/s. The same analysis position is reported in these figures; for Figure 5e,
the temperatures are 54.56 °C, 46.93 °C, and 20.16 °C, for the positions y = —0.025 m,
y = —0.035 m, y = —0.045 m, respectively. The temperatures inside the heat sink increase
by 8.85%, 7.98% and 2.43%, compared to the temperature contour when the temperature at
the base is 90 °C. As we move away from the fins on the heat sink, the temperature remains
somewhat similar.

3.2. Temperature for Analysis Times

This study examines the cooling of computer components using a circular fin heat
sink. As explained above, the study is performed for different times, 2 s, 5 s, and 10 s, using
the three temperatures and speeds previously evaluated.

Figure 6 represents how heat and temperature are extracted from electronic devices in
computers using heat sinks. Figure 6a shows the temperature of the fins and the air around
them. In this figure, a time of 2 s shows that the temperature at the base is 100 °C, with
a velocity of 10 m/s, and tends to decrease as it ascends through the fins. However, in
Figure 6b, time 5 s, the fins begin to gain temperature, as shown in Figure 6c¢. In addition, it
can be seen that the air temperature also changes, always increasing.

Finally, Figure 6d shows the temperature change in the empty space between the fins
at a height of 40 mm from the base. The speed and temperature in this figure are 10 m/s and
100 °C, respectively. As time passes, the temperature in this sector begins to increase. For
2 s time, the maximum temperature is 26.38 °C and the minimum is 19.08 °C. It is necessary
to emphasize again that the surrounding air temperature is 15 °C. When analyzed for the
5 s time, the temperatures rose to 34.5 °C and 20.6 °C, indicating an increase of 7.96% in the
lower temperature and 30.78% compared to the 2 s time. On the other hand, for the time of



Processes 2025, 13, 3199

12 of 17

10 s, there is the same tendency of temperature increase in the heat sink, having values of

53.94 °C and 26.72 °C, for the maximum and minimum temperature respectively.
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Figure 6. temperature are extracted from electronic devices: (a) Temperature of 80 °C and velocity of
10 m/s at 2 s. (b) Temperature of 80 °C and velocity of 10 m/s at 5 s. (c) Temperature of 80 °C and
velocity of 10 m/s at 10 s. (d) Temperature across the heat sink distance for the three analysis times.

Figure 7, shows a graph showing the temperature change between the fins and the
surrounding air in the heat sink. This takes into account the temperature change at the base
and the simulation time, with the air temperature circulating at a constant speed of 10 m/s.

In Figure 7, two simulation cases are compared: base temperatures of 100 °C and
90 °C, at the three previously defined times. It can be observed that, for the 2 s time, the
temperature does not reflect a significant change, despite the base temperature being 10 °C
higher. The maximum temperature variation is 0.3 °C. However, when the analysis is
performed at 5 s, a more significant variation in the heat sink temperature is observed;
this change reaches 1.99 °C. In addition, for the 10 s time, the upward trend continues,
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with temperature values reflecting an increase of 3.59 °C. The percentage increases in
temperature indicate that heat is dissipated by the fins.

Temperature vs Length

— V=10ms; T=100°C; t=2's
— V=10m/s; T=100°C; t=5s
— V=10m/s; T=100°C; t=10s
— V=10ms; T=90°C; t=2's
— V=10m/s; T=90°C; t=55
— V=10m/s; T=90°C; t=10s

Temperature [ C ]

A et? p——

T T T T T T T 1
-0.06 -0.04 -0.02 0.02 0.04 0.06

0
Length [m]

Figure 7. Temperature change across the circular heat sink, with base temperatures of
90 °C and 100 °C.

Similarly, this figure shows the significant changes in temperature that occur as the
exposure time to the base temperature increases. For a base temperature of 90 °C, the
maximum temperatures at the heat sink are 23.37 °C, 32.19 °C, and 49.42 °C, for times of
2s,5s,and 10 s, respectively.

For Figure 8, other very useful results are presented to understand how air velocity,
base temperature, and time affect heat dissipation. First, Figure 8a shows two lines, that
pass through the heat sink, one at 15 mm from the base and the other at 40 mm, measured
from the same position. Figure 8b represents the velocity vectors surrounding the heat sink.
The initial air velocity and temperature are 15 m/s and 15 °C, while the temperature at the
base is 80 °C at a time of 10 s. These vectors indicate how the velocity flows through the
heat sink. The maximum velocity for this case is 52.09 m/s in the surroundings, while in
the middle of the heat sink it is 10.89 m/s.

On the other hand, Figure 8 shows how the temperature in the heat sink air changes
depending on the height and the simulation time. This figure shows the temperature values
for a speed of 15 m/s, a base temperature of 80 °C, the same times as those analyzed, and
the two heights mentioned above, also compares with the speed of 10 m/s. Therefore,
when the height is closest to the base, 15 mm, the temperatures are greater and decrease
as they move away from the base of the heat sink. At 2 s, the maximum temperatures are
26.41 °C and 43.11°C, for heights of 40 mm and 15 mm, respectively. If the analysis time
is varied to 5 s, there is a change in temperature, similar to the previous case, indicating
values in its temperature of 30.53 °C and 54.99 °C, for the heights of 40 mm and 15 mm,
in this comparison the highest value of variation in temperature seemed, with an value of
24.46 °C. In 10 s, the temperature is 45.80 °C at the height of 40 mm, while, for the height of
15 mm the temperature of 63.17 °C is reached. However, when making a comparison with
the velocity of 10 m/s, speed and temperature described above and height of 40 mm, there
is a variation of 4.78 °C in increase for the lowest velocity.

Finally, in Figure 9, the temperature changes are observed for several analysis cases,
six in total; the three speeds are compared at a height of 40 mm, also the three temperatures
at the base, while the time remains constant in most of the results, the last behavior
corresponds to a time of 10 s.
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Temperature vs Length

— V=15m/s; T=80°C; t=2s; h=40mm
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Figure 8. Analysis lines, velocity vector and temperature distribution in the heat sink: (a) Analysis
heights on the heat sink. (b) Velocity vectors around the heat sink. (c) Hea tsink temperature at two

heights and different times.

Temperature vs Length
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Figure 9. Temperature at the heat sink at a velocity of 20 m/s, time of 5 s and the three temperatures

at the base.
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It can be seen that for a time of 5 s and a base temperature of 90 °C, for a height of
40 mm, the temperature does not change, despite the velocity changing from 10 m/s to
15 m/s and 20 m/s. However, when the base temperature changed to 80 °C and 100 °C, the
maximum temperatures were 30.59 °C and 34.77 °C, respectively, for the aforementioned
height and velocity of 20 m/s. This change represents a 13.66% increase in just 5 s. On
the other hand, when analyzed at twice the time, there is an increase of 54.55%, since the
temperature reaches 53.74 °C.

4. Conclusions

This study presents a 3D model of a circular heat sink, widely used in computer sys-
tems to reject heat generated by motherboards or video cards. However, the velocities and
temperatures used are for critical processes, where the system’s lifespan is compromised.
ANSYS FLUENT—CFD was used to perform the simulations, using the existing models
of the software. The main models used included x — € turbulence and conservation of
momentum and energy equations.

The results showed that the exposure time of the heat sink fins to an air stream helped
to dissipate heat and temperature more effectively. This was confirmed by simulations at
various times, such as 2 s, 5 s, and 10 s. The latter always yielded promising results for
heat dissipation.

Because it is a heat sink with circular fins and spaces between them for airflow, the
temperature at the center of the heat sink does not change despite prolonged exposure or
lower or higher temperatures at the base. However, as the temperature moves away from
the center of the heat sink, it begins to change, increasing by up to 54.55%. This concludes
that heat rejection with an extended surface area is being achieved.

On the other hand, when dealing with the Velocity of the air that circulates around the
heat sink, it can be concluded that it tends to increase on the outside of the fins; however,
in the center of the heat sink, the Velocity is reduced, having a maximum value close to
57 m/s and a minimum of 10 m/s. A large difference is noted between these values; this is
analyzed as the air flows through a narrow cross section, increasing its velocity.

Finally, it is concluded that the temperature in the heat sink depends on the time and
temperature at the base, since it is noted that the temperatures are different as the height of
the fins rises; however, the air velocity does not have much influence in the first 5 s. After
that, it begins to dissipate heat better when modifying the velocity. However, it is recom-
mended that this study be extended to other forms of fins or that perforations be placed in
the fins; the turbulent flow is strengthened and heat dissipation could be improved.

It should be noted that the performance analysis was based on temperature distri-
butions, and the evaluation using normalized parameters such as the Nusselt number or
thermal resistance was not included in this computational phase. The implementation of
these standard performance metrics is an immediate objective and forms an integral part of
the experimental validation phase that follows this work.
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